T HE ISOLATED FROG SKIN is well. suited for studies of bio-electric phenomena known to be associated with active transport of sodium and may serve as a model for these phenomena in cell membranes in general. It provides a ready means for testing the action of substances, such as hormones, which alter the production of bioelectric current, and thus presumably sodium transport, since the isolated frog skin allows separation of hormonal action on this function from complicated homeostatic responses originating in other organs and tissues of the whole animal.
The effects of adrenaline and posterior pituitary antidiuretic factor on the sodium transport, potential and short-circuit current of the isolated frog skin have been reported
(1-5). The effect of the adrenal steroids on sodium transport, electrical potential and water movement has been investigated in z;rZ vitro frog skin pouches but the associated current was not measured (6, 7) . The action of cortical steroids on electrolyte behavior has been widely investigated (8, g), but to our knowledge Various electronic feedback amplifiers were designed and built before settling on the relatively simple 'electric eye' electrometer and switching circuit described. The system described is free of impedance-matching problems because the short-circuiting and recording components are isolated from the potential measurement elements. The frogs (Rana p$Gens) were kept in a refrigerator at I 0°C in distilled water. The animals were observed for signs of molting and were not used until molting was completed.
The belly skin of each frog was divided into a The hormones were added in equal concentration to the solution bathing both sides of the frog skin. The concentration of fluorohydrocortisone and hydrocortisone attained was .002 mg/ml and .oa mg/ml, respectively. The left skin half served as the control for the right skin half, which was treated or not treated as the experiment demanded. When fluorohydrocortisone was the experimental hormone, an amount of propylene glycol equal to that added with the hormone to the treated skin was added to both sides of the untreated skin. The hormones were added after 4 hours of equilibrium time. The data were plotted as a current-versus-time curve. These curves proved to have irregular forms, and furthermore, the correspondence between the current production of the right and left halves of belly skin from the control frogs was by no means exact. These facts have caused difficulty in presenting the data concisely; however, a satisfactory statistical comparison between the control and treated skins has been devised. The mathematical treatment selected is as follows: Simpson's rule for area integration was used to calculate the areas bounded by the current-versus-time plot over separate 4-hour time periods for a minimum of 20 hours. The current values expressed as microcoulombs per square centimeter were normalized to the first 4-hour equilibrium period average of the two halves of skin. In each experiment the current produced by the left half of the skin within the 4-hour period was selected as the primary control from which the current of the right half deviated.
This permitted us to assign a direction to the observed deviations (minus when the right index exceeded the left and plus when the left exceeded Figure 2 illustrates the general observation that the current produced by each half of an untreated frog skin w,ithin its in vitro lifetime is approximately equivalent to the current produced by the other half. The differences are generally within 20% of each other. The runs generally do not exceed 24 hours' duration. Figure 3 illustrates the effect of adding steroid to both sides of the right half of a frog skin in a typical experiment. An increase in the current generated is seen after a delay of some hours. The time delay is perhaps a reflection of the permeability of the skin. An increase in the duration of transport lifetime is also noteworthy. The total quantity is often nearly doubled and the in vitro transport lifetime is often increased I O-I 2 hours. Table I presents the data for a series of untreated skins calculated as previously described.
With a few exceptions the two untreated halves of the skin from the same frog run within zo % of each other. (Exp. 6 may be in error as a result of steroid contamination.)
In comparing the 4-hour intervals in the vertical columns, it is seen that the current production from the right skin half exceeds the current production of the left skin half in about 50 % of the experiments. This is in marked contrast to the treated skins, where the treated skins (right half skin) in every case exceed the untreated skins (table 2) . Table z presents the data for a series of steroid-treated skins. The marked effect of the treatment can be readily seen, especially in the third, fourth and fifth 4-hour intervals. Since the table relates current production over 4-hour periods, the delay in initiation of increased transport activity is not too evident. The extension of the in vitro transport lifetime past the 2o-hour interval in this table is not shown. However, this extension is evident in figure 3 .
The differences in potency between the two steroids with respect to controls is illustrated in figure 4 . Fluorohydrocortisone is seen to be more potent than the hydrocortisone by a factor of IO. Bio-assays reported in the literature also show P-methyl-g a-fluorohydrocortisone to be many times more potent than hydrocortisone (I 3).
DISCUSSION
It has been shown (4) that the net sodium flux in the isolated short-circuited frog skin is very nearly equivalent to the short-circuit current, In the present paper, measurement of the total current flow during an extended experimental run (over 20 hr.) allowed an estimation of the total, singly charged ion transported within this time period. The ion responsible for the net current flow in these experiments was no doubt also the sodium ion. Sodium transport has also been shown to be linked with oxidative metabolism (I 4, I 5) and thus also the current produced.
In our untreated frog skins, the decrease in ion transport with the passage of time may represent a decrease in the metabolic stores of the isolated skin, or,
